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Improved Millimetre And Sub-Millimetre Wave Illumination system 

This invention relates to systems and methods used for providing millimetre 
5 wave and sub-millimetre wave illumination of a scene. In particular, it relates 
to illuminators that are used primarily indoors, but also have utility in outdoor 
environments. 

Systems capable of producing images of a scene based on millimetre wave 
10 (or thereabouts) radiation emitted from the scene are becoming more 
commonplace as the technology used in such systems matures. These 
imaging systems are able to detect the energy levels at these wavelengths 
within a scene at a resolution fi.ne enough to produce images of a quality 
suitable for many tasks. The images produced from such imagers effectively 
1 5 show the energy differences coming from different parts of the scene. To 
satisfactorily reproduce various elements of the scene there needs to be a 
sufficient illumination energy difference between these elements. If the 
system is being used outdoors then the energy difference between the sky, 
which appears cold and hence of low emissivity, and the scene, which will be 
20 typically at 270-300 Kelvin and hence of comparatively high emissivity, can be 
used to generate images having a good contrast. For indoor use, this is more 
of a problem, as typically all elements within the scene will be at a similar 
temperature. 

.25 In these circumstances it is normal to direct a source or sources of energy at 
the wavelength(s) of interest at the scene to be imaged, such that the scene 
may reflect some of this energy to the imager, and so distinguish the scene 
from its background. An illuminator designed for this purpose is disclosed in 
published PCT application, No. GB2003/001886. The illuminator disclosed 

30 therein provides a diffuse source of energy from a relatively large area, which 
results in a more even illumination of the scene being imaged, and helps to 
reduce problems such as glint and specular reflection, all of which are 
detrimental to the final image. 
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However, if the bandwidth of either the illuminator or the imager is small, then 
a speckle effect can sometimes be seen on the image. This can be 
detrimental to the overall image. 

5 

The object of the present invention is to at least alleviate the problems 
identified with the prior art. 

According to the present invention there is provided a millimetre or sub- 
10 millimetre wave illumination system comprising: 

at least one primary radiation source adapted to emit radiation at one or 

more wavelengths of interest in at least one radiation field state; 

a baffle comprising a non transmissive surface and having positioned therein 

a plurality of transmissive exit apertures; 
1 5 a surface reflective at millimetre or sub-millimetre wavelengths for inducing a 

plurality of radiation paths between the source and the baffle; 

characterised in that the system further incorporates means for generating a 

plurality of radiation field states in a pre-determined time interval. 

20 The reflective surface is arranged such that at least a part of the radiation 
exiting the primary source will be reflected from the reflective surface before 
exiting through the exit apertures. 

The speckle effect observed with the prior art has been found to be caused by 
25 a noise-like spatial variation in the output power from the illuminator. This 
variation tends to remain temporally static, and so presents an uneven 
illumination to the scene. This is believed to be caused by the radiation 
exiting from the various exit apertures of the baffle at fixed, but essentially 
random phases, combining to produce a radiation pattern in a similar manner 
30 to a large phased array antenna where the phase of each element is set 
randomly. 
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The problem has been found to become more pronounced as the bandwidth 
of the illumination system, or an imaging system using such illuminators, 
reduces. Of course, if the imaging system uses a narrower bandwidth than 
that produced by the illumination system, then the energy produced by the 
5 illumination system outside of the imaging system bandwidth will play little part 
in the imaging process. 

As the bandwidth is reduced the coherence of the radiation emitted from the 
exit apertures tends to increase, which in turn increases the amount of spatial 

10 variation in output power of the illuminator. Conversely, at larger bandwidths, 
the spatial variation in output power of the illuminator decreases. This can be 
understood by notionally regarding a wide bandwidth output as a set of 
different narrow bandwidth outputs. As the spatial variations at each 
bandwidth will be different, the integration of several such outputs tends to 

1 5 result in an averaging, or smoothing of the overall output from the illuminator. 

At lower bandwidths, the applicant has realised that by generating a plurality 
of different radiation field states as defined herein within a pre-determined 
time interval the amount of spatial variation in. output power seen by an 

20 associated imager is reduced. The plurality of different modes may be 

generated by disturbing the electromagnetic field pattern before the radiation 
has exited the exit apertures over a pre-determined time interval. If this is 
done, then the relative phases of the radiation emanating from the exit 
apertures will change and so the spatially noise-like radiation pattern from the 

25 illuminator will also change. 

Alternatively, the plurality of different radiation field states may be generated 
simultaneously. This may be done by, for example by incorporating a plurality 
of primary sources towards the baffle and reflector, or alternatively may be 
30 done using a single source by radiating from towards the baffle and reflector 
at at least a first and a second location, whilst arranging that radiation at the 
first location is incoherent with that at the second location. This may be 
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achieved by incorporating an appropriate relative time delay between radiation 
reaching the two locations from the source. 

Preferably the system is arranged to generate the radiation field states such 
5 that a plurality of modes are generated within a basic integration time period 
of an associated imager viewing the scene. In general the integration time 
period will correspond to the time taken for the imager to measure a pixel of 
information. For certain classes of imager however, particularly those that 
comprise an unscanned staring array of receive elements, this integration time 

1 0 may also correspond to the time taken to record a whole image frame. 

Preferably the system is arranged to generate radiation field states such that 
during each basic integration time period of the imager, the scene is 
illuminated by at least two, such as at least four, such as at least eight 
radiation field states from the illuminator. In this manner the changing modes 

1 5 will tend to produce an averaging effect, wherein the apparent illumination 

when integrated over the basic integration time of the imager will appear to be 
relatively constant. 

A preferred system will incorporate the baffle and the reflecting surface into a 
20 container, with radiation from the source or sources being emitted into the 
container. 

The means for generating a plurality of radiation field states over a pre- 
determined time interval may comprise a means for changing the internal 
25 dimensions of the container. As at least some of the radiation that emerges 
from the exit apertures will be reflected from reflective material on the inside of 
the container, then changing the dimensions of the container by a sufficient 
extent will change the properties of the reflected radiation, and so change the 
radiation field state within the container. 

30 

Alternatively or as well, the means for generating a plurality of radiation field 
states over a pre-determined time interval may comprise a movable structure 
within the container, that disturbs the electromagnetic field, and so changes 
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the radiation field state within the container. The moving structure may be 
reflective, absorptive or a dielectric. 

Alternatively or as well, the means for generating a plurality of radiation field 
5 states over a pre-determined time interval may comprise changing the 
effective position within the container of the output of the primary source . 
This may be done by physically moving the source output within the container, 
or may be done by switching the radiation from the primary source through to 
different outputs positioned at different positions within the container. 

10 

Alternatively or as well, the means for generating a plurality of radiation field 
states over a pre-determined time interval may comprise a plurality of, 
effectively, single sources, all simultaneously generating a radiation field state. 
These may be physically independent sources, or may comprise a single 
15 source with a plurality of outputs, each arranged to be incoherent with respect 
to each other. 

Note that in the context of the current description a transmission mode shall 
be taken to be the pattern at a given instant of the electromagnetic field 
20 distribution on either side of the baffle, generated by effectively a single 
source. 

Note that in the context of the current description a resonant field state shall 
be taken to be a standing wave pattern of electromagnetic wave radiation set 
25 up between the reflective surface, the source and the baffle and extending 
through the apertures of the baffle, as defined by the relative positions of the 
surface, source and baffle and the frequencies of the radiation, generated 
effectively by a single source. 

30 Under most circumstances a single source will generate a radiation field state 
that can remain substantially constant over a period of time longer than that of 
the basic integration time. However, a physical single source can act as 
effectively more than one source in terms of radiation field states generated 
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by means of having multiple outputs that are delayed with respect to each 
other by more than a coherence length of the radiation being emitted. In this 
instance, more than one radiation field state will be generated. 

5 According to a further aspect of the current invention there is provided a 
method of generating millimetre or sub-millimetre wave illumination 
comprising the steps of: 

feeding millimetre or sub-millimetre wave radiation from at least one 
primary source towards a reflecting surface and a baffle, the baffle comprising 
10 a non transmissive surface and having positioned therein a plurality of 

transmissive exit apertures, such that the reflecting surface induces a plurality 
of radiation paths between the source and the baffle; 

generating a plurality of radiation field states between the source and 
the exit apertures over a pre-determined time interval. 

15 

The invention will now be described in more detail, by way of example only, 
with reference to the following Figures, of which: 

20 Figure 1 diagrammatically illustrates a prior art illuminator system; 

Figure 2 diagrammatically illustrates a first embodiment of the current 
invention wherein a container housing the output of a primary source is 
arranged to have variable internal dimensions; 

25 

Figure 3 diagrammatically illustrates how changes to the internal geometry of 
the container of the first embodiment can result in a differing spatial 
illumination variation. 

30 Figure 4 diagrammatically illustrates a second embodiment of the current 
invention wherein a container housing the output of a primary source 
incorporates a moveable structure for disturbing an electromagnetic field 
within the container; 
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Figure 5 diagrammatically illustrates a fourth embodiment of the current 
invention wherein a primary source withi n a container is arranged to have a 
plurality of outputs along with switching means for selecting a particular 
5 output; 

Figure 6 shows a graph of the spatial va riation in illumination power seen for 
various individual output positions of a p rimary source within a container, 
along with the sum of these. 

10 

Figure 7 diagrammatically illustrates a fifth embodiment of the current 
invention wherein a primary source is arranged to have a plurality of outputs, 
continuously providing energy, wherein one or more of the outputs 
incorporates phase shifting means. 

15 

Figure 8 diagrammatically illustrates sixth embodiment of the current 
invention, wherein multiple independent sources are employed. 

Figure 9 diagrammatically illustrates a seventh embodiment of the current 
20 invention wherein a single source is ope rated so as to effectively act as a 
plurality of sources. 

Figure 1 shows a mm-wave primary sou rce 1 such as an amplified noise 
source having an output 2 positioned within a container 3. The container 3 

25 has a metallic internal surface, which is generally reflective at wavelengths 
produced by the primary source 1 . At lesst one side 5 of the container 3 is 
formed with a baffle comprising an array- of circular through holes or apertures 
4, six of which (4a-4f) are visible in Figure 1 . The array will generally 
comprise a two dimensional array. The output 2 of the source 1 is positioned 

30 within the container 3 such that most of the radiation emitted from the output 2 
undergoes at least one reflection from thie reflective internal surface of the 
container 3 before exiting the container From the exit apertures 4. 
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The complex nature of the path taken by most of the radiation within the 
container 3 ensures that, for radiation having a high bandwidth (typically 5-10 
GHz) there is a sufficient degree of incoherence of the radiation exiting any 
adjacent apertures. This helps to provide a spatially substantially constant 
5 level of illumination. As the system bandwidth falls however, the coherence 
length of the radiation increases, meaning that the degree of coherence of the 
radiation exiting any adjacent apertures will increase, leading to spatial 
variations in the level of illumination delivered by the illumination system. 

10 Figure 2 shows a first embodiment of the current invention. Primary source 1 
is connected to container 6 such that the output of source 1 is within the 
container 5, as shown in Figure 1 . The container 6 is generally similar to that 
shown in Figure 1 but is arranged such that one internal wall 7 is able to flex 
when driven by an actuator 8. Actuator 8 has a connection rod 9 coupled to 

15 the wall 7, and this connection rod 9 moves in and out as indicated by the 

arrows. Such movement of the rod 9 will cause the wall 7 to move, as shown 
in exaggerated form in Figure 2. Typically, flexure of the wall 7 of even as 
little as a millimetre is sufficient to change the radiation field state or states 
within the container enough to have the effect of changing the radiation power 

20 spatial variation from the illumination system. Although actuator 8 is shown 
positioned outside the container 6, it may equally well be positioned within the 
container 6. 

The actuator is preferably arranged to flex the wall 7 repeatedly at a rate such 
25 that the modes change a plurality of times within a basic integration time 

period of an associated imager. The different spatial patterns created by the 
flexure will then be integrated by the detectors within the imager itself, leading 
to an averaging of the spatial variation, and therefore no additional processing 
will be required within the imager. 

30 

If a change in the modal structure of the radiation happens only once for each 
integration time period of the imager , then a plurality of images can be 
recorded and digitally processed to integrate the series of images. This is not 
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preferred however as it will reduce the effective frame rate of the imaging 
system, and also require additional processing to be carried out. 

Figure 3 shows two possible paths of waves within the container 6 emitted 
5 from the output of primary source 1 (as shown in Figure 2), the waves being 
emitted with a short time interval between each during which the wall 7 has 
flexed due to the movement of actuator 8. Path A shows the direction of a 
wave at a given instant reflecting from wall 7, the wall toeing moved by 
actuator 8. Path B, initially following the same path as path A hits the same 
10 part of the wall T at a later instant, and gets reflected in a different direction 
due to the different position and/or angle of that part of the wall 7. Although a 
simplistic representation, Figure 3 shows how a relatively slight movement of 
wall 7 can have significant effects on the resultant spatial illumination pattern. 

1 5 Figure 4 shows a second embodiment of the current in vention. Here, a 

primary source 1 again has an output 2 that feeds into a container 10. The 
container 10 is similar to that shown in Figure 1 , having exit apertures 4, and 
metallic inside wails. However, in this embodiment tha container 10 also 
contains an electric motor 1 1 coupled to a skew-mounted metallic disk 12. 

20 The disk 1 2 is mounted such that it is in the path of at I oast some of the 
radiation from output 2. In practice, the disk can be mounted in any 
convenient location within the container 10. 

The motor 1 1 is arranged to rotate the disk 12 when the illuminator is in use. 

25 Radiation that hits the disk will then be reflected away according to the 

position of the disk at that instant. As the disk rotates the radiation will reflect 
within the container 10 in different modes, and so the il lumination spatial 
variation will be continuously changing. The motor is preferably arranged to 
rotate at a rate high enough to ensure that the modal change within the 

30 container 10 results in changes to the spatial variation of the illuminator output 
in a time shorter than the basic integration period of the associated imager. 
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Although Figure 4 shows a motor coupled to a skew-mounted reflector12 , the 
scope of the invention is broad enough to encompass other means of "stirring" 
the modes within the container 10. For example, the reflector 12 can be 
replaced with a skew mounted dielectric slab, or even an absorber. All of 
5 these will affect the modal structure present in the container. Alternatively, the 
motor 11 and reflector 12 can be replaced with a mirror, or dielectric, or 
absorber attached to a linear actuator similar to actuator 8 in Figure 2. 

1 0 Figure 5 shows a fourth embodiment of the current invention. A primary 
source 1 is shown connected to a container 10, the container 10 being 
generally similar to that of the container 1 0 of Figure 4. The output of source 
1 feeds into a millimetre wave switch box 13 that has four individual outputs 
14a-14d. Switching circuitry within the switch box is able to select which of 

15 the four outputs 14 the energy from the source 1 is directed towards. The 

switch box 13 is preferably a P.I.N diode switched device, as this is capable of 
switching very rapidly. Millimetre wave switches suitable for this application 
are manufactured by Millitech, based at Northampton, MA 01060, USA. 
Electromechanical switches are also suitable for implementing this 

20 embodiment, but cannot switch as rapidly. 

In use, the primary source 1 provides energy at the wavelength of interest to 
the switch box 13 which, at any given time, is arranged to direct the energy to 
one of the four outputs 14. Output 14d is shown emitting radiation in Figure 5. 

25 The switch box is arranged to switch the radiation from the source 1 through 
to each output I4a-14d in turn. As each output 14a-14d are in separate 
locations then the radiation field states within the container 10 for each output 
4a-4d will generally be different, and so will result in a different spatial 
variation on the output of the illuminator. If the switch is arranged to cycle 

30 radiation through every output 4a-4d at least once during a basic integration 
time period of an associated imager, then these different spatial variations on 
the output of the illuminator will tend to be averaged in the imager, as takes 
place with the other embodiments of the invention discussed herein. 
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It has been found convenient with the implementation of this embodiment of 
the invention to put variable attenuators on each the outputs 14a-14d. This is 
because the output power radiated by the illuminator system can vary slightly 
5 depending upon which output 14a 14d is currently active. Thie attenuators 
allow the output power from each output 14a-14d to be tuned such that a 
more uniform output is obtained from the illuminator system. 

Figure 6 is a graph showing the results from the fourth embodiment. The 
10 graph indicates the percentage contrast measured on an imaging .system with 
horizontal position in an image, indicated by pixel position. "The image from 
which the data is taken is of a uniformly reflecting scene illuminated by the 
illuminator of the fourth embodiment, as illustrated in Figure 5. Thus the 
graph shows the spatial variation in illumination of the scene. 

15 

Five traces are shown. Traces A, B, C and D equate to the image contrast 
when the scene is illuminated by the four individual outputs 1 4a, 14b, 14c and 
14d respectively of the fourth embodiment. Trace E is a measurement taken 
by the imager of the scene illuminated by all four outputs in turn, each for a 
20 quarter of the measurement time accorded to traces A, B, C and D. Note that 
the traces A, B, C, D, E have been repositioned in absolute terms to make the 
graph clearer, and so their positions on the y-axis of the graph are not 
meaningful in terms of indicating absolute power levels. However, the y-axis 
is useful for seeing the amount of contrast variation within a single trace. 

25 

By merely looking at the traces it can be seen that the amount of spatial 
variation in illumination is similar for each of the traces A, B, C, D, but that the 
exact form of these traces is different in each case. The variation in trace E, 
where all four individual outputs 14a, 14b, 14c and 14d were used to 
30 illuminate the scene, show a much reduced spatial variation i n illumination 

intensity, and thus a much more even illumination of the scene. The variation 
reduction has been calculated to be proportional to Vn, where n is the number 
of individual illuminators used to illuminate the scene. The measured results 
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match this theoretical prediction. This equation has been found to hold more 
generally for the other embodiments also, where n equates to the number of 
independent illumination patterns produced within the basic integration time of 
an associated imager. 



Figure 7 shows a fifth embodiment of the current invention. A primary source 
1 is shown connected to a container 10, the container 10 being generally 
similar to that of the container 10 of Figure 4. The output of source 1 feeds 
10 into a power divider 15, that splits the radiation from the primary source 1 into 
a first path 16 and a second path 17, each having approximately half the 
power of the original source. Radiation in the first path 16 is emitted into the 
container 10 as normal, through port 18. Radiation in the second path 17 
passes through a variable phase shifter 19 before exiting through port 20. 

15 

The variable phase shifter is arranged to rapidly and continuously vary the 
phase of the radiation passing through it. The radiation from the two ports 18 , 
20 will combine vectorially within the container 10 to effectively steer the 
radiation in a particular direction within the container 10, and so produce, at a 

20 given instant, a radiation field state. Shortly afterwards, the phase shift 

induced into one path 17of the radiation will steer the radiation in a different 
direction, and so result in a different radiation field state within the container 
10. Each direction steered will generally result in a different radiation pattern 
produced by the illumination system, leading to the benefits discussed abov^. 

25 Similar embodiments may incorporate more than two ports 18, 20, and more 
than one phase shifter 19. 

Figure 8 shows a sixth embodiment of the current invention. A container 10 Is 
shown, generally similar to the container 10 of Figure 4. However, instead of 
30 a single primary source feeding energy into the container 10, three 

independent primary sources 21a, 21b, 21c are arranged to feed energy into 
the chamber 10. The sources 21 are arranged to work simultaneously, so that 
all three may radiate energy into the container 10 at a given instant. The 
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power of each source 21a, 21b, 21c may be adjusted such that the output 
power of the illuminator due to each source 21a, 21b, 21c is substantially 
equal. This may be achieved by incorporating attenuators into the feeds 22 of 
the sources, or by any other suitable means. As the sources 21 are mutually 
5 incoherent, then each will be associated with its own spatial variation on the 
output of the illuminator, but each such variation will be different. The 
superposition of the three spatial variations will tend to smooth the overall 
output power as described in relation to other embodiments above. 

1 0 Figure 9 shows a seventh embodiment of the current invention. A primary 
source 1 is shown connected to a container 10, the container 10 being 
generally similar to that of the container 1 0 of Figure 4. The output of source 
1 feeds into a power divider 23, that splits the radiation from the primary 
source 1 into a first waveguide path 24 having exit port 26 and a second 

1 5 waveguide path 25 having an exit port 27 , each having approximately half the 
power of the original source. The length of the path 25 is longer than that of 
the path 24, so as to introduce a time delay between radiation exiting from exit 
port 26 and that exiting from exit port 27. This time delay must be sufficiently 
large such that radiation exiting from exit port 26 is incoherent with respect to 

20 that exiting from exit port 27. In practice, this means that the distance 
difference between the two paths 24, 25 should be greater than the 
coherence length of the radiation when travelling in the waveguide paths 24, 
25, and this coherence length is dependent upon the system bandwidth. 

25 The effect of the arrangement of Figure 9 is to make the radiation exiting ports 
26 and 27 behave as if it is derived effectively from independent sources. 
Thus, the benefits of the multiple source approach as described in the 
embodiment of Figure 8 are gained using only a single source. 

30 The skilled person will be aware that other embodiments within the scope of 
the invention may be envisaged, and thus the invention should not be limited 
to the embodiments as herein described. For example, in addition to the 
embodiments already described, the plurality of radiation field states may be 
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generated in a pre-determined time by varying the physical characteristics of 
the baffle. This may be achieved by providing exit apertures that may be 
dynamically opened and closed within the pre-determined time. 

The invention is applicable to illumination systems for wavelengths within the 
millimetre wavelength region and also in the sub-millimetre wavelength region 
extending up into the terahertz frequency region, and any necessary 
modifications for use at different wavelength regions will be obvious to those 
normally skilled in the art. 



